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InTRODuCTIOn
The first laparoscopic splenectomy in the world was done by Delaitre and Maignien in 1991 (1) . For the past decade, laparoscopic splenectomy has become widely accepted and applicable in the treatment of many diseases of the spleen. The most common benign hematologic diseases of the spleen in which splenectomy is indicated are immune thrombocytopenic purpura (ITP), thrombotic thrombocytopenic purpura, hereditary spherocytosis, autoimmune hemolytic anemia, benign tumors, and splenic cysts (2) .
Indications for laparoscopic splenectomy are the same as for open (classic) splenectomy, except in cases of trauma, where the role of laparoscopy is still the subject of consideration.
The goal of this study was to analyze the outcome of the patients undergoing laparoscopic splenectomy due to benign hematologic diseases of the spleen and compare the surgical treatment results with an open splenectomy and the present the importance of laparoscopic approach in the treatment of benign disorders of the spleen.
MATERIAl and METhODs
The study was conducted as a retrospective cohort study. The data obtained from the history of the disease was analyzed and compared, with the aim of getting insight into certain parameters. The study covered a total of 196 patients operated on due to benign diseases of the spleen at the Clinic for Digestive Surgery -the First Surgical Clinic of the Clinical Center of Serbia. Informed consent was not received due to the retrospective nature of the study. Ethics committee approval was received for this study from the local ethics committee of the Clinical Centre of Serbia.
Patients were divided into two groups. The first group consisted of 93 patients who were operated on by using the laparoscopic technique (LS) in the period from 2007 to 2017 and the second group consisted of 103 patients operated on by using the classic approach (CS) in the period from 2001 to 2017.
The choice of surgical technique or approach was based on certain characteristics of the patient: type of the disease (e.g. in the case of a tumor of the spleen, the classic approach had the advantage, so that the preparation for the pathohistological analysis would be comprehensive, the size of the spleen also had an important role in the choice of the approach, larger spleens were operated on using the classic approach, as well as patients with comorbidities which presented a contraindication for laparoscopic surgery).
Laparoscopic splenectomy began its application at the First Surgical Clinic in 2007, since then and until 2017, patients from this group have been monitored. A group of patients operated on using the classic approach has been monitored since 2001 in order to have similar groups for comparison, because since 2007 there has been a significantly greater number of laparoscopic surgeries; however, after the introduction of a laparoscopic procedure and due to expressed contraindications with this approach or due to technical reasons, classic splenectomy was performed.
For patients operated on due to benign hematological diseases, diagnosis and primary drug therapy were performed by a hematologist. Platelets were analyzed daily in the preoperative period, as well as from the first postoperative day until the release of the patient, in order to have an insight into the therapeutic effects of the patients operated on.
Patients were treated with low molecular weight heparin (Fraxiparine, Aspen Notre Dame de Bondeville, France), with the addition of anticoagulation therapy in cases of a platelet count increase at > 500 x 10 9 /L. Corticosteroid therapy was gradually reduced until complete suspension.
For patients who were operated on due to benign, nonhematological diseases of the spleen (benign tumors and cysts), the diagnosis was made by means of ultrasound examination, computerized tomography, and magnetic resonance imaging of the abdomen.
Parameters that were compared and monitored in both groups of the patients were: 1. Preoperative, which included: gender, age, body mass index, diagnosis of the disease, and size of the spleen (measured within the preoperative diagnosis); however, for hematological patients, preoperative number of platelets and length of hematologic treatment were also recorded. 2. Intraoperative, which included: intraoperative blood loss (amount of blood from the operative section aspirated through the suction system and then measured with the help of burettes), duration of the operation (measured in minutes), intraoperative complications (bleeding, injuries of other organs etc.), and for LS groups, conversion into open procedure and detection of accessory spleen. 3. Postoperative, which included: the time period in which the drain and the nasogastric tube were taken out (measured in days). Reintervention, most commonly due to infection, surgical wound disruption, intra-abdominal collection, abscess, pancreatic fistula etc., the length of postoperative hospitalization, and for benign hematological diseases, the postoperative number of platelets in order to gain insight into the therapeutic effect of the surgical treatment.
In all postoperative patients, prophylactic antibiotic therapy (Amoxycillin, Hemofarm Stada, Serbia) was administered during the postoperative course according to all current guides (3, 4) . Furthermore, all patients were postoperatively vaccinated according to current vaccination protocols (5). Dindo-Clavien scale was used to evaluate postoperative complications (6).
The study did not include patients with malignant hematological disorders and patients with associated cardiovascular comorbidities, as well as patients in whom the surgical procedure was contraindicated.
Statistical Package for the Social Sciences version 21.0 (IBM Corp.; Armonk, NY, USA) program was used for data analysis. If they met the criteria of normal distribution, the results were presented in the form of an arithmetic mean and standard deviation. Otherwise, they were represented by the median and the range of values. Categorical data are presented with absolute and percentage values. T-test was applied to compare continuous variables subjected to normal distribution, otherwise the Mann-Whitney test was used. The X2 test was used to analyze categorical type data. All statistical methods were considered significant if p (p) value ≤ 0.05.
REsulTs
Out of a total of 196 patients who were involved in the study, 93 of them were in the laparoscopic group, while the classic group included 103 subjects.
The groups tested did not differ much when it came to gender distribution, genders were equally represented (p= 0.461), the LS group had 38 (40.4%) male and 56 (59.6%) female patients, while the classic group had 47 (45.6%) male and 56 (54.4%) female patients.
Average age of these two groups was the same (p= 0.096). Patients in the LS group were on average 38.24 ± 13.6 years old, while CS group patients were 41.68 ± 15.02 years old. Average nutrition value in the LS group was 25.62 ± 2.73 kg/m 2 , while the CS group patients amounted to 26.43 ± 2.43 kg/m 2 . Different types of disease (AIHA, benign tumors, cystic, ITP and spherocytosis) were equally represented in both groups (p= 0.184). The representation of various diseases in the groups tested is shown in Table 1 .
The difference in spleen size was as follows: LS group (13.24 ± 1.82cm) and CS group (14.34 ± 3.21 cm). Larger spleen was the case in the classic group.
There was no significant difference in preoperative platelet counts between the groups tested (p= 0.164). In the LS group, the value was 71.78 ± 14.52, while in the CS group, it was 68.29 ± 14.81. Additionally, the length of hematological treatment of these two groups was not different as well (p= 0.474). The laparoscopic group was treated with preoperative medication for 23 months (10-120), and those that in the classic group for 30 months (10-120).
The presence of accessory spleens in the LS group was 19 (20.2%) and 11 (10.7%) in the CS group. A percentage difference in the presence of accessory spleen was noticed.
Intraoperative bleeding was significantly more extensive during classic splenectomy, rather than during laparoscopic splenectomy (p< 0.001). In the LS group, it resulted in 32 mL (5-225) and 56 mL (10-310) in the CS group.
Intraoperative complications of the patients were noticed in 4 (4.3%) patients of the LS group, and in 7 (7.4%) patients of the classic group. The need for reintervention was significantly more frequent in the classic group (7.8%), while the laparoscopic group had no need for reintervention. There was a single fatal outcome in the laparoscopic group, while the classic group had two fatal outcomes. There were no statistically significant differences in the frequency of fatal outcomes between these two treatments.
The laparoscopic technique surgery was significantly shorter when compared to the classic surgery, 83.46 ± 14.40 compared to 91.80 ± 15.32 minutes, respectively. A statistically significant difference in the duration of these two interventions was proven in favor of the laparoscopic surgery (p< 0.001).
Abdominal drain and nasogastric tube were placed significantly longer during classic surgery than during laparoscopic surgery (p< 0.001 and p< 0.001). Average duration of abdominal drain retention after laparoscopic surgery was 2 days, a minimum of 1 and a maximum of 3, while the average duration in the classic surgery group was 3 days, with a minimum of 1 and a maximum of 15 days. The nasogastric tube was retained on average for 2 days (1-3) in the LS group and 3 (2-7) days in the CS group.
Average postoperative hospitalization for the LS group lasted for 4 days, with a minimum of 2 and a maximum of 12, while for the CS group it was significantly longer, on average 9 days, with a minimum of 7 days and a maximum of 22 days.
Different incidence and severity of postoperative complications according to Dindo-Clavien Classification (DC) were shown, with I, then II and class III that were significantly represented in the classic group (p= 0.006; p= 0.002; p= 0.005).
In the LS group, there were 9 subjects of gradus I according to Dindo-Clavien Classification. These patients required additional, postoperative drug therapy in the form of antibiotics, antiemetics and antipyretics. Six patients belonged to gradus II according to DC classification and required additional antibiotic therapy. One patient had percutaneous drainage of the collection from a loge that was surgically removed from the spleen (grade III). A single myocardial infarction (grade IV) was recorded in one patient, and finally one deadly outcome was noted due to fulminant sepsis, after a series of non-surgical complications (gradus V).
In the CS group, these numbers were significantly higher. 25 patients were gradus I and 23 cases were gradus II. Eleven patients were in gradus III, followed by 5 patients in gradus IV. Two of the patients died after a series of complications (grade V). The representation of DC classification in the groups tested is shown in Table 2 . AIHA: Autoimmune hemolytic anemia, ITP: Idiopathic thrombocytopenic purpura.
DIsCussIOn
The first laparoscopic splenectomy was done 27 years ago in Paris by Delaitrea and Maignien. Shortly after, the initial objectives of laparoscopic splenectomy were defined, and they meant the following: that the results were identical to the classic splenectomy in terms of efficiency and safety, followed by reduced abdominal wall trauma, easier postoperative period and shorter hospitalization (1) .
A special advantage is given to laparoscopic splenectomy when it comes to hematological disorders. These patients generally take corticosteroid therapy, which can have an impact on the development of infections and dehiscence of the surgical wound, and taking into account all the benefits achieved by the laparoscopic technique, laparoscopic splenectomy is the gold standard when it comes to these diseases (7, 8) .
The age of the patients who were laparoscopically operated on was 38.24 ± 13.6 years, while those that were subjected to classic surgery were 41.68 ± 15.02 years old.
The most common indication for splenectomy among benign hematological diseases is immune thrombocytopenic purpura (ITP). The frequency of this disease is ranging, according to some authors, from 60-80% (2). According to the results of our study in the LS group of patients, 61.7% of them were operated on due to ITP, while that only happened to 56.3% of those in the CS group. According to percentage representation, our data does not deviate from the data in the literature.
Average treatment time by the hematologist in the LS group was on average 23 (10-120) months while this number amounted to 30 (10-120) months in the classic group. Preoperative platelet counts in the LS group amounted to 71.78 ± 14.52 x 10 9 /L while the same value went as high as 68.29 ± 14.81 x 10 9 /L in the classic group, meaning there was no significant statistical difference between the groups regarding the duration of the preoperative treatment, as well as the platelet count preoperatively.
Accessory spleens are found in about 10-15% of the adults. Usually, they are between 1 and 2 cm. An accessory spleen in our study was present in 19 (20.2%) patients in the laparoscopic group of patients and in 11 (10.7%) patients in the classic group.
According to our study, intraoperative blood loss was 32 mL (5-225) in the LS group of patients, while it went as high as 56 mL (10-310) in the classic group. In a study by Rozario et al., the average intraoperative bleeding in the LS group of patients was 40 ml (0-150) (2). Italian authors Nobili et al. have published a study in which intraoperative bleeding during laparoscopic splenectomy was 60 mL (30-500) (9).
In our study, in patients who underwent laparoscopic splenectomy, a conversion was performed into an open procedure in four cases. In all four cases, the conversion was due to intraoperative bleeding. The bleeding was due to instrumental rupture of the spleen in one patient, due to poorly placed endovascular stapler in two patients, due to arterial injury to the lower half of the spleen in one patient.
In the US National Register, between 2005 and 2010, 37006 splenectomies were recorded, showing a worrying percentage of conversions of 22.5-33.99%, with very few patients being treated with laparoscopic technique at around 13.3% (10) . Some authors point to a small conversion rate into an open procedure with a percentage of around 0-4% depending on the type of intraoperative complication when it comes to increased intraoperative bleeding and when splenomegaly is present (9, 11) . In our study, the percentage of intraoperative complications in the LS group amounted to 4.3%, and those were the cases were intraoperative bleeding and conversion took place, while in the classic group, it was 7.4%, where besides intraoperative bleeding, there were also injuries of the tail of the pancreas and damages to the stomach wall.
Average duration of the surgery according to the data from our study in the LS group was 83.46 ± 14.40 minutes, while the average duration of surgery in the CS group was 91.80 ± 15.32 minutes.
According to many studies, the percentage of reintervention ranges between 0-6.7% (11) (12) (13) . In our study, there were no reinterventions in the laparoscopic group, whereas there were eight in the classic group. Reinterventions in the CS group of patients were due to bleeding, fistula, intra-abdominal collections/abscesses and surgical wound disruptions. (14) .
Postoperative hospitalization, according to the results of the majority of authors, ranges from 1 to 25 days and is mainly dependent on the performance or simultaneous additional surgeries, most often laparoscopic cholecystectomies, then the age of patients, where a longer stay in the hospital is related to their older age, as well as postoperative complications (9, 12) .
Average postoperative hospitalization according to the results of our study was 4 (2-12) days for the LS group, whereas for the CS group, the average postoperative hospitalization amounted to 9 (7-22) days.
Some authors advocate that after each splenectomy, it should be mandatory to place the drain in the left subphrenic space, sometimes even two drains in cases of the classic group, although there are authors who complain that the drain should not be placed routinely, but only in cases of pancreatic injury (15) (16) (17) . In addition to the above mentioned postoperative parameters in our study, we also dealt with a time period in which, after splenectomy, the drain and nasogastric suction were removed. In our study, after each splenectomy, we placed the drains, and the average time that elapsed until the elimination of the drain and after the surgery in the LS group was 2 days (1-3 days), while in the CS group this time was on average 3 days (1-15 days).
As for the average time that elapsed until the removal of the nasogastric tube, in the LS group, it was 2 days (1-3 days), while in the CS group, it was 3 days (2-7) days.
Gonzales et al. have published 89% good response after laparoscopic and open splenectomy in their study (18) . Zheng et al. have published a ten-year long experience in laparoscopic splenectomy in treating ITP in which they have reported the results of the success of the treatment, with percentages ranging between 80.3-89% retrospectively (19) .
In our study, the best therapeutic response was most represented, and the worst one was least represented. In one patient within the LS group and two patients in the CS group, therapeutic outcomes were unknown due to fatal outcomes. In the laparoscopic group, complete therapeutic response was the case in 83.8% of patients, while the same value went as high as 80% in the classic group.
COnClusIOn
The official position of most European and World guides on surgical practice today is that LS is indicated for most benign and malignant diseases of the spleen, where an indication for surgical treatment exists, regardless of the age or body weight of the patient. Our study has confirmed the fact that laparoscopic splenectomy is an effective and safe surgical procedure in the treatment of many benign and malignant diseases of the spleen. The results speak strongly in favor of better detection of accessory spleens in the group of patients in whom laparoscopic splenectomy has been performed. Speaking of proven advantage of the laparoscopic approach in relation to preoperative diagnostics, we can conclude that laparoscopic splenectomy, both in terms of diagnostics and therapeutic effect, has advantages over classical surgery. Further sophistication of laparoscopic surgical techniques technical improvements of laparoscopic equipment can lead to even wider application of LS as a standard surgical procedure, and thus to a safer and better treatment of patients with a wide spectrum of spleen diseases.
Ethics Committee Approval: Ethics committee approval was received for this study from the local ethics committee of the Clinical Centre of Serbia.
